ON THE LIFE-HISTORY OF RHIZOSTOME MEDUSAE V. ON THE RELATION BETWEEN ZOOXANTHELLAE AND THE STROBILATION OF CEPHEA CEPHEA by SUGIURA Yasuo
ON THE LIFE-HISTORY OF RHIZOSTOME MEDUSAE V.
ON THE RELATION BETWEEN ZOOXANTHELLAE AND THE




The bulletin of the Marine Biological Station






BULLETIN OF THE MARINE BIOLOGICAL STATION OF ASAMUSill, 
VOL. XIII, N O. 3. 1969 
ON THE LIFE-HISTORY OF RHIZOSTOlVIE MEDUSAE V. 
ON THE RELATION BET'WEEN ZOOXANTHELLAE 
AND THE STROBILATION OF CEPHEA CEPHEA1 > 
By 
Y Asuo SuGIURA 
Biological Laboratory, Dokkyo University, 
Solca City, Saitama Pt·efect~tt·e, J apan 
The fact that the existence of Zooxanthellae and the stimulation of raised 
temperature are both necessary for the strobilation of Mastigias papua has been 
reported (Sugiura ; 1964, 1965) .. 
What kind of effects can be seen for Cephea cephea, belonging to the same 
order as 11!lastigias but having no Zooxanthellae in adult? Then, using the same 
methods as carried out in Mastigias, such as raising water temperature in which 
the scyphistomae of Cephea were kept, or giving Zooxanthellae for the scyphistomae, 
the induction of strobilation was tested. Due t o the above results, it was recognized 
that merely raising temperature can initiate strobilation in this species. Never-
theless, as it was known that Zooxathellae are no use for strobilation itself but 
fairly effective for the repetition of strobilation, the description will be made in 
this report. 
MATERIALS AND METHODS 
Scyphistomae used are derived from the planulae separated from the adult 
medusae caught at Misaki during October to November of 1961. The medusae are 
the same materials as Tokioka reported on the purplish individuals of Cephea 
cephea in the vicinity of Seto (1964) . Rearing of scyphistomae has been continued 
at constant temperature room of 20°C during three years. To prevent contamina-
tion of Zooxanthellae, sterilized sea water was put into dishes of 9 em diameter, 
and Artemia salina was used for food. During the process, many scyphistomae 
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were produced by budding. Healthy scyphistomae were divided into dishes, every 
five individuals per one dish, and they were used for experiments. In case of 
need, for the scyphistomae kept free from Zooxanthellae, Zooxanthellae obtained 
from ephyrae or youngs of Mctstigias papua were given. Two methods were tested 
for providing scyphistomae with Zooxanthellae. One is the method that the 
pieces of umbrella containing many non-motile Zooxanthellae are given as food for 
the scyphistomae (direct method), t he other is that swimming Zooxanthellae 
which arose from crushed tissue and became motile form are given for them 
(indirect method). Scyphistomae having Zooxanthellae have been reared at about 
25° or 30°C in water temperature and the strobilation was noticed under exposure 
of the light from a fluorescent lamp or in the dark 
RESULTS 
Symbiosis of Zooxanthellae could not be found at all in t he adult medusae 
obtained at Misaki every October to December during 1961-1964. As the 
natural habitat of Ce]Jhea is not known, it is difficult to say if young medusae have 
Zooxanthellae or not. Since the life-history can be repeated through several 
generation without Zooxanthellae in laboratory (Sugiura, 1966), the relation 
between Zooxanthellae and Cephea was examined in each stage, bud, scyphistoma, 
strobila, ephyra and young medusa. In the case of closely related species, 
Cotyl01·hiza tuberculata, it is already known that Zooxanthellae are continuously kept 
in all the stages from scyphistoma to adult (Claus, 1883). 
Induction of strobilation by the stimulation of mising temperature : In this 
species, only the raising stimuli of temperature of several oc are given to the 
scyphistomae kept constantly at 20°C, the strobilation can be initiated. For 
example, when the water temperature which is related to Zooxanthella-free scyph-
istomae kept at 20°C during 18 months was raised t? 29°C, strobilation began in all 
the individuals in 9-14 days after raising the temperature (Fig. 1; 1, 2 lines). 
I rifection and multiplication of Zooxanthellae in scyphistomae: To give 
Zooxanthellae for the scyphistomae of Cephect, Zooxanthellae of Mastigias were 
used by direct or indirect method. Zooxanthellae of Mastigicts entered t he stomach, 
passing through the mouth of scyphistoma, invade the tissue of calyx and multiply. 
This phenomenon shows high affinity of Mc£Stigias Zooxanthellae to Cephea. 
Role of Zooxanthellae in the initiation ancl repeat of strobilation: Zooxanthellae 
were absolutely necessary for the initiation of strobilation of Mastigias, but on the 
other hand, in Cephea, not always absolutely but strobihtin b ~ 5i 11 by only 
raising temperature as above mentioned. Consequently, to know the influence of 
Zooxanthellae, each scyphistoma with and without Zooxanthellae must be com-
pared about their behavior after the temperature stimuli were given. As a result, 
it was made clear that scyphistomae with Zooxanthellae as symbiont are more 
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frequent in the number of repeating times of strobilation than those which are free 
from Zooxanthellae. One of the results is shown in Figure I. Thirty-five 
Zooxa~t~ella-~ree scyphistomae which had been reared at 20°C during 18 months 
were d1v1ded mto 7 groups and no Zooxanthellae were given for 2 groups of them 
a~ control (.Fi~. 1; I , 2 lines). For other groups, Zooxanthellae were given by 
direct and mdu·ect methods (Fig. 1; 3-7 lines) . Both of control and experiment 
group were more separated into continuous illuminated and quite darkened groups. 
At the ~ime of beginning the experiments, the water temperature of all the groups 
was raised from 20°C to 29°C for inducing strobilation. The results will be 
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Fig. l. Graphic representation of effects of Zooxanthellae and light on the initiation 
and the repeat of strobilation in Ce]Jhea ce]Jhea. 
(1) The fact that the first strobilation simultaneously began in all the aroups 
{1-7lines) shows that strobilation is not related to the symbiosis of Zooxan:hellae 
but to the change of temperature. 
. (2) Within the 40 days after the beginning of the experiments, in the groups 
gtven Zooxanthellae (3-7 lines), the number of scyphistomae that had already 
finished the second strobilation reached 100%, the third one was 40%. On the 
contrary, in the groups of Zooxanthella-free (1- 2 lines), that finished the second 
strobilation reached only 30%, as for the third one was null. As above mentioned, 
difference between both groups was remarkable. 
(3) It may be said that the period of beginning of strobilation slightly 
precedes in direct method (3- 5 lines) than indirect one (6, 7 lines). 
(4) In the groups with Zooxanthellae (3-7 lines), t here are no distinct 
difference between the group bathed and cut off luminescence {3, 4, 6 and 5, 7 lines) 
with the first beginning and repeat of strobilation. Among the groups having 
Zooxanthellae, in the case of the t hird repeat of strobilation, the group cut off 
· ' 
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luminescence was more active than that bathed. The fact that luminous condition 
is necessary to keep alive Zooxanthellae for a long period will be mentioned after-
wards. 
(5) In conclusion, in Cephea, symbiosis of Zooxanthellae is more effective for 
Tepeat strobilation than the first beginning of strobilation, thinking collectively 
other results. 
R elation between Zooxamthellae ancl luminescence : When the scyphistomae are 
continuously reaTed afteT the Zooxanthellae were given, Zooxanthellae in them 
can be easily recognized as long as the luminescence being bathed even when 
their life-history reach ephyra through scyphistoma. For example, even in 
scyphistomae continuously reared during 5 years after the Zooxanthellae \Yere 
criven the above fact was not exception. 
0 ' 
Next, it will be mentioned about the case when the light was shut out. 
Althoucrh the Zooxanthellae can be multiplied in scyphistomae during 30- 40 clays 
even u~cler clark condition, if the dark condition further continues, the multiplica-
tion is inhibited and the Zooxanthellae become unrecognizable. Nevertheless, 
even in such a case, that all the Zooxanthellae do not always die is clear from the 
following example, that is, Zooxanthellae in scyphistomae rapidly n~ultiplied w~en 
the light was bathed and the temperature was raised for the scyph~s:-omae whiCh 
looked like having no Zooxanthellae as being kept under dark cond1t10n durmg 16 
months at 20°C in the constant temperature room after the Zooxanthellae were 
g1ven. 
N cauml diminution of Zooxanthellrte in medusa afteT nwtrwnorplwsis: The ex-
pansion of the distribution of Zooxanthellae is completed just before the separat ion_of 
ephyrae and Zooxanthellae are located in gastral region and along the wall of ~achal 
sac extending in each ephyral lappet, especially rich in number in latter case (F1g. 2). 
Fig. 2. Ephyra of Cephea cephea containing Zooxanthellae. Colonies of Zooxanthellac 
are shown as many black spots. 
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By the size of 2-3 mm in diameter, ephyrae are having Zooxanthellae m high 
density, but when the ephyrae are over 5 mm in diameter, the density of Zooxan-
thellae become extremely thin. When ephyrae develop into young medusae, many 
of them become ghostly white by the diminution of Zooxanthellae. This 
phenomenon may relate to the fact that adults of Cephect with Zooxanthellae are 
not yet obtained from the sea. 
DISCUSSION 
Concerning the role of light to Zooxanthellae, it is already known that, when 
the animals naturally having Zooxanthellae, such as Conclylactis (anemone) and 
Cassiopea (Scyphozoa), have been reared under dark condition within one month, 
their body colour becomes white (Zahl and McLaughlin, 1959; Gohar, 1960). The 
fact that this bleach is not due to the loss of pigment but the diminution of number 
.of Z0oxanthellae is clear from the results of Zahl and McLaughlin. Also in 
Cephea, if the scyphistomae with Zooxanthellae are reared under total darkness for 
a long time, the Zooxanthellae disappear. 
McLaughlin and Zahl (1959) reported that, when the Zooxanthellae which had 
been kept in darkness in vitro for 50 clays were placed in the light, they began 
proliferating. This is the case of Zooxanthellae which are free living. On the 
other hand, in the case of Zooxanthellae within the host tissues, the writer found 
that, in scyphistomae of Cephea which had been reared in quite darkness for 16 
months after the Zooxanthellae had been given, Zooxanthellae reappeared followed 
by strobilation when the scyphistomae had been illuminated with temperature 
raised. 
It is fairly difficult to consider the reason why the repeat of strobilation is 
activated by bearing Zooxanthellae. Because the group exposed to continuous 
light is not always more active in the repeat of strobilation compared with the 
group in the continuous dark. Consequently, the repeat of strobilation must be 
discussed apart from the photosynthesis of Zooxanthellae. From this view 
point, the opinions of Gohar (1940) and Boschma (1925) that tissue Zooxanthellae are 
used as a direct food may be adopted. 
About the species specificity of Zooxanthellae to Scyphomeclusae, it was 
recognized t hat Zooxanthellae obtained from Mastigicts had high affinity to the 
scyphistomae of Cephea which belonged to the same order but another family with 
Mastigias. On the contrary, in the case of scyphistomae of Aurelia auTita that 
belonged to a different order from the above two species, the proliferation of 
Zooxanthellae could not be observed by the writ er 's experiment at all. This facts 
may point out that the Zooxanthellae of Mrtstigirts play their role as symbiont to 
Cephea which is neighbouring species with Mastigias, but to AttTelia which is 
relatively distant species, only affect as unnatural intruder. 
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Generally speaking, when the unnatural intruder invade the host, it causes 
lesion to the host as parasite or disappears. The facts that, when the Zooxanthellae 
of Mastigias are transferred to the scyphistomae of Cephea, they give good 
effects to the repeat of strobilation and can stay for a long period in the bodies, 
may suggest that the Zooxanthellae are natural symbiont at least for the earlier 
stages in the life-history of Cephea. This phenomenon can not be proved regret-
fully because the place where the medusae develop is not yet clear. But the fact 
that adult medusae found near the coast of Misaki have no Zooxanthellae coincides 
with the phenomenon that in ephyrae measuring over 5-6 mm in diameter which 
have been reared under illuminated condition in laboratory, the Zooxanthellae 
naturally disappeared. This fact exhibits a contrast to the case of Mastigias 
which Zooxanthellae multiply following the growth of medusa. Consequently, it 
is imaginable that Cephea in the sea harbours Zooxanthellae only in earlier stages in 
the life history but loses them according as the ephyrae develop to young and adult 
medusae. 
SUMMARY 
(1) To induce strobilation of Cephea cephea, ra1smg temperature is very 
effective. (2) When the Zooxanthellae obtained from Mastigias papua are given to 
the scyphistomae of Cephea cephea and the water temperature is raised, the Zooxan-
thellae begin to actively proliferate in calyx of the scyphistomae. (3) Repeating 
ratio in strobilation is far higher in scyphistomae harbouring Zooxanthellae 
than that of Zooxanthella-free. (4) Zooxanthella-bearing scyphistomae can 
maintain them over a long period of time (over 5 years), so far as they are 
continuously illuminated. (5) Scyphistomae kept under continuous darkness at 
20°0 after the Zooxanthellae were given appeared to have lost the symbiotic 
Zooxanthellae by 16 months after, but when they were illuminated with tem-
perature raised, Zooxanthellae became visible again and was followed by the 
strobilation. (6) Relation between Zooxanthellae and the scyphistomae of Cephea 
is considered to be symbiotic because of their high affinity. (7) The fact that the 
Zooxanthellae cannot be recognized in adult medusae obtained from the sea 
coincides with the phenomenon that the Zooxanthellae naturally disappear ill 
young medusae which have been reared from scyphistomae in laboratory. 
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